. The color chart was used to identify potential color differences between and within samples. . . . The sample was collected at the incremental distance of 225 to 233.6 cm from the access port. The x, y, and z coordinates of the sample location are given in Table I 
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Figure A-5. View of a cored tuff sample from Q3 of Caisson B at port B5.
The sample was collected at the incremental distance of 30 to 45 cm from the access port. The x, y, and z coordinates of the sample location are given in Table I. used to identify potential color differences between and Results of field-scale (caisson) transport studies under unsaturated moisture and steady and nonsteady flow conditions indicate variability and a lack of conservation of mass in solute transport. The tuff materials used in that study were analyzed for the presence of tracers and of freshly precipitated material to help explain the variability and lack of conservation of mass. tuff samples were characterized by neutron activation analysis for tracer identification, by x-ray diffraction for mineral identification, by petrographic analysis for identification of freshly precipitated material, and by x-ray fluorescence analysis for identification of major and trace elements.
Selected
The results of these analyses indicate no obvious presence of freshly precipitated material that would retard tracer movement. The presence of the nonsorbing tracers (bromide and iodide) suggest the retention of these tracers in immobile water. and nonsorbing tracers on the tuff at some locations (even cesium at the 415-cm depth) and not at others suggests variability in transport. presence of the solutes in the immobile water phase. The data also indicated greater variability in the transport of sorbing tracers compared with that of nonsorbing tracers. The greater variability could be due to heterogeneity of sorption sites . Polzer et al. 1985 . Fuentes et al. 1986b ). On the other hand, the precipitation of the sorbing tracers (e.g., strontium) could also account for the variability .
One of the objectives of those studies was to determine
The results suggest that Fuentes et al. (1986a) found a lack of conservation of mass when That observation also suggested the The objective of this study was to characterize the tuff material from those previous studies as to the presence of tracers and freshly precipitated material in the.tuff; that presence may help to explain the variability and lack of conservation of mass in the above studies. Therefore, selected tuff samples were characterized by neutron activation analysis for tracer identification, by x-ray diffraction for mineral identification, by petrographic analysis for indication of freshly precipitated material. and by x-ray fluorescence analysis for identification of major and trace elements.
MATERIALS 'AND METHODS
Crushed tuff samples were collected at four depths in Caisson B, the site of the transport studies. The depths were 36, 113, 264, and 415 cm and correspond to the locations where porous hollow fiber solution samplers were installed as discussed by Fuentes et al. (1987) -.- Table I gives the x. y. and z coordinates for those locations.
A 2.0-cm-i.d. tube (King sampler) was used to core holes from the access At ports ports.
B7, B5, B3, and B2, the tuff was cored on a horizontal plane. Coring was accomplished by using a hydraulic jack (5-ton capacity) with adjustable 10-by The cored tuff materials were collected in 15-cm intervals.
10-cm beams of wood between the hydraulic jack and the coring tube. Petrographic analyses were performed on the samples to check Portions of the remaining samples were ground in a shatterbox to less than 100 microns. made into X-ray Fluorescence (XRF) fused discs at temperatures of 115O0C to
1180°C.
for major and trace element compositions.
were ground (with acetone as a lubricant) to less than 5 microns, samples were run on a Siemens x-ray diffractometer to determine the minerals present. Lack of mineralogic, elemental, and petrographic variations between samples alleviated the necessity to do any SEM analyses. weeks' decay, these samples were counted individually for 4000 s at the face of large Ge(Li) detectors mu1 tiplexed to 4096-channel pulse-height analyzers.
Gamma ray spectra were stored on Digital Equipment Corp. (DEC) E02 discs for off-line data reduction using a DEC VAX:11/730 and GAMS spectral analysis program.
and strontium, activated 134Cs and =Sr, respectively (Gladney et al. 198Oa and Gladney et al. The 442-keV and the 617-keV lines were used for 5 determination of 1 2 ' 1 and ' % r e respectively (Gladney and Perrin 1979 and Gladney et al. 198Ob (Gladney et al. 1984b and Gautier and Gladney 1986 ).
For both neutron
RESUL'E AND DISCUSSION
Neutron Activation Analvsis
The concentrations of tracers in the tuff samples are given in Table IV .
The data indicated detectable quantities of bromide and iodide at the 36-, 246-, and 550-cm depths. However, iodide was not detected in quadrant 4 at the 36-cm depth and bromide was not detected in quadrant 3 at the 264-cm depth. Cesium was detected in samples at all depths and strontium was detected in all but two samples --one from quadrant 4 at the 36-cm depth and one from quadrant 3 at the 264-cm depth.
Bromide and iodide are not expected to occur naturally in the Bandelier
Tuff at the levels of detection of the neutron activation technique; however, naturally occurring cesium and strontium are detectable as indicated in Table   V . The results of analysis from 26 background tuff samples indicate an 6 average concentration of 2.5 f 0.2 mg kg-' for cesium and 25 f 7 mg kg-l for strontium.
indicates that cesium occurs above natural levels only at the 36-, 113-. and 415-cm (quadrant 1) depths. Table IV for is also supported by x-ray fluorescence data that will be discussed later.
The correction of the cesium results in

This conclusion
The breakthrough of tritium when they are being transported through Bandelier Tuff ). The modeling of those breakthroughs indicate similar dispersion coefficients and retardation factors ).
Tritium traces the movement of water; therefore, those similarities suggest iodide also traces the movement of water.
bromide and iodide transport indicates similar retardation factors (R = 1) but slightly different dispersion coefficients (Fuentes et al. 1986 Table VI suggest that a significant quantity of nonsorbing tracers was retained within the tuff and that retention could possibly account for the lack of conservation of mass in the breakthrough curves from pulse additions.
This conclusion is also supported by the fact that during drainage the concentrations increase to above the ambient concentrations established before drainage , ); during drainage the tracers can diffuse from the immobile water phase to the mobile water phase.
thus increasing their concentrations in the mobile water.
implies a different diffusion environment during drainage than during steady flow.
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This concept
Mineralogic and Elemental Analvses X-ray diffraction patterns are given in Figures 7 and 8 for the background and the B3 samples, respectively. Percentages of the mineralogic composition for the respective samples are given in Table VII. indicate that the tuff material is composed primarily of plagioclase and potassium feldspars (W to 69%) with significant amounts of tridymite (14% to 22%) and quartz (10% to 16%). Relative differences in composition between the background and caisson samples are attributed to variability of composition and not to transport effects. The x-ray diffraction patterns as well as petrographic observations indicate no precipitation of fresh material on the tuff surface.
The results
The x-ray fluorescence data are given in Table VI11 (major elemental percentages) and in Table IX ( (Table IX) compare well with the neutron activation results
Those results also suggest no obvious (Table IV) and indicate no obvious precipitation of strontium in Caisson B.
SUMMARY AND OONCLUSIONS
Field-scale studies of nonsorbing and sorbing tracer transport under unsaturated moisture and steady and nonsteady flow conditions were conducted in Caisson B.
tracers were cesium and strontium. Processes that could account for the variability and the lack of conservation of mass include precipitation of the tracers and retention of tracers in immobile water. In order to evaluate
The nonsorbing tracers were bromide and iodide and the sorbing those processes, selected tuff samples taken after tracer transport were characterized by several techniques that could signal the presence of tracers.
Neutron activation was used to analyze for the tracers in the tuff: x-ray diffraction, to identify minerals: petrography, to identify freshly precipitated material; and x-ray fluorescence, to identify and quantify major and trace chemical elements.
The results of the above analyses indicate no obvious presence of freshly precipitated material that would retard tracer movement. The presence of the nonsorbing tracers bromide and iodide suggest the retention of these tracers in immobile water.
at some locations (even cesium at the 415-cm depth) and their absence at others suggest spatial variability in transport. The variability of the The presence of sorbing and nonsorbing tracers on the tuff presence of nonsorbing tracers can be explained by variability in water flow.
Modeling efforts by various investigators indicate variability in water velocity in these caisson experiments . The variability in the presence of sorbing tracers could be explained by heterogeneity of sorption sites (Polzer et al. 1985) . by variability in water flow. and by movement of particulates or colloids containing adsorbed tracers.
Because of the kinetics of chemical (sorptive) processes, a variability in water velocity can influence the distribution of sorbing tracers (Akratanakul et al. 1983 ). Refer to Table I1 f o r sample location. quartz (Q), tridymite (T), and feldspar (F). 
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